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Resumen / Exploramos la posibilidad de detectar las primeras galaxias con el telescopio de pro´xima generacio´n
Origins Space Telescope (OST) aplicando un modelo anal´ıtico de emisio´n de polvo primordial. Mediante el ana´lisis
de las densidades de fuentes como funcio´n del corrimiento al rojo (z), y considerando exposiciones de campo
profundo con el Origins Survey Spectrometer, estimamos que el horizonte de corrimiento al rojo para detectar
una fuente individual estar´ıa por arriba de z ∼ 7 para sistemas con cocientes polvo-metal mayores que los esperados
para galaxias primigenias t´ıpicas. Por otro lado, si los l´ımites de confusio´n pudieran ser afrontados, el instrumento
Far-infrared Imager and Polarimeter permitir´ıa la deteccio´n de sistemas ma´s de´biles y t´ıpicos a z > 7. Dada la
dependencia de los resultados obtenidos con las propiedades del polvo primigenio, concluimos que el OST podr´ıa
proveer claves importantes sobre la naturaleza del medio interestelar en el Universo temprano.
Abstract / We explore the possibility of detecting the first galaxies with the next generation Origins Space
Telescope (OST) by applying an analytical model of primordial dust emission. By analysing source densities as a
function of redshift (z), and considering deep-field exposures with the Origins Survey Spectrometer, we estimate
that the redshift horizon for detecting one individual source would be above z ∼ 7 for systems with dust-to-metal
ratios higher than those expected for typical primeval galaxies. On the other hand, if confusion limits could be
overcome, the Far-infrared Imager and Polarimeter would enable the detection of more typical fainter systems at
z > 7. Given the dependence of the obtained results with the properties of primeval dust, we conclude that the
OST could provide important clues to the nature of the interestellar medium in the early Universe.
Keywords / galaxies: high-redshift — galaxies: evolution — galaxies: formation — galaxies: star formation —
cosmology: theory
1. Introduction
Primeval galaxies at z & 7 are promising targets for
current and upcoming observational facilities operating
at different wavelengths, such as the James Webb Space
Telescope (JWST), the Atacama Large Millimeter/sub-
millimeter Array (ALMA) and the Square Kilometre
Array (SKA), among others. In this context, future
space-borne FIR telescopes could play a crucial role on
exploring the nature and properties of the first dust-
emitting galaxies at the very dawn of star formation
(e.g. De Rossi & Bromm, 2019). These systems (z & 7)
are expected to have very low dust densities and FIR
fluxes, being their detection below the capabilities of
current and near future observatories (e.g. De Rossi &
Bromm, 2017).
De Rossi & Bromm (2019) explore in detail the pos-
sibility of detecting first galaxies during FIR/sub-mm
surveys with a generic FIR telescope. In this work,
we implement their methodology to evaluate the pos-
sibility of detecting primeval FIR/sub-mm sources at
z & 7 with the future Origins Space Telescope (OST),
planned for launch in the 2030s. The OST further
evolves the concept mission study for the Far-Infrared
Surveyor. Among the key science goals for this facil-
ity will be the cosmic origin of dust, elucidating the
first sources of dust emission, which are beyond the
current horizon of observability, given the sensitivity of
existing instruments. The OST is expected to attain
sensitivities 100-1000 times greater than any previous
FIR mission achieving unprecedented depths to study
the most distant galaxies. In this manuscript, we fo-
cus on the detectability of FIR/sub-mm dust continuum
emission from primeval galaxies with the following in-
struments: the Origins Survey Spectrometer (OSS, con-
cept 2-C2) and the Far-infrared Imager and Polarimeter
(FIP, C2). For more details and related documetation
regarding the OST, see https://asd.gsfc.nasa.gov/firs/
and https://origins.ipac.caltech.edu/.
2. Dust model
Dust emission was estimated using the methodology de-
scribed in De Rossi & Bromm (2017) and De Rossi &
Bromm (2019), which has proven to be useful for study-
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Redshift Horizon for the Origins Space Telescope
Figure 1: Impact of variations of model parameters on detections with OSS (band 6). Results correspond to a deep-field
exposure (106 s) within a FoV. Left panel: Mmin − z relation. For comparison, different ν-σ peaks corresponding to the
adopted cosmological model are plotted. Right panel: N−z relation. In both panels, thin and thick lines are associated with
the standard and shock size distributions, respectively. The reference model (solid blue line) corresponds to our standard
parameters. The effects of variations of model parameters with respect to the standard model are shown with different line
styles. In the right panel, the curves that are not shown lie below the plotted region.
Figure 2: Similar to Fig. 1, but for FIP at 250 µm and during a deep-field exposure within a FoV.
ing high-z galaxies (De Rossi et al., 2018). We referred
the reader to those papers for a detail description of the
dust model; here, we only present a brief summary of it.
A model galaxy consists of a dark matter halo host-
ing a central cluster of Pop II stars, surrounded by a
mixed phase of gas and dust. Our standard model as-
sumes a dust-to-metal mass ratio D/M = 5 × 10−3, a
gas metallicity of Zg = 5 × 10−3 Z and a star for-
mation efficiency of η = 0.01, which are typical values
for first galaxies (Greif & Bromm 2006; Mitchell-Wynne
et al. 2015; Schneider et al. 2016; see De Rossi & Bromm
2017, 2019 for more details regarding model parameters
and the effects of their variations). The spectral energy
distribution associated to stars was obtained from YG-
GDRASIL model grids (Zackrisson et al., 2011). We
considered different silicon-based dust models given in
(Cherchneff & Dwek, 2010). However, for the sake of
clarity, we only present results corresponding to the so-
called UM-ND-20 model (see De Rossi & Bromm 2017,
for details). We have checked that other chemical com-
positions of dust lead to similar general trends. For the
grain-size distribution, we adopted the ‘standard’ and
‘shock’ prescriptions used in Ji et al. (2014). Dust tem-
perature (Td) was determined assuming thermal equi-
librium and dust emissivity was estimated by applying
the Kirchhoff’s law for the estimated Td profile.
By comparing the sensitivity of the OST instrument
with the average observed fluxes of galaxies at a given
wavelength band, we determine the lowest virial mass
(Mmin) that a galaxy should have to be detected at a
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given z. The redshift horizon (zlim) is defined as the
highest z above which the projected number of detected
sources per given solid angle (∆Ω) is N ≤ Ncrit, where
we here consider Ncrit = 1−10 (see De Rossi & Bromm,
2019).
3. Results
For OSS and FIP, the number of detected sources,
N , was obtained assuming deep-field exposures (106 s)
within each instrument field-of-view (FoV). Deep-field
sensitivities were obtained by scaling the expected sen-
sitivities for 1 hr with the square root of the integration
time (106 s). Details regarding the FoV and sensitivity
(1 hr) of each instrument were obtained from Meixner
et al. (2019).
In the case of OSS, we estimated Mmin and N for a
deep field exposure in its band 6 (λ = 336 − 589 µm).
We adopt a sensitivity of 2.34 µJy, corresponding to an
integration time of 106 s, and a FoV of 3.492 arcmin2
(Meixner et al., 2019). As can be seen in Fig. 1, in the
case of a very low metallicity of Zg = 5×10−4 Z, Mmin
ranges between ∼ 1012 M (z ≈ 20) and ∼ 1014 M
(z ≈ 7), with the exact values depending on the size
distribution of dust grains. For high dust-to-metal ra-
tios (D/M = 0.4) or star formation efficiencies (η =
0.1), Mmin ranges between ∼ 1010 M (z ≈ 20) and
∼ 1011 M (z ≈ 7), also, with the exact values depend-
ing on the size distribution of dust grains. All other
assumed parameters predict an intermediate behaviour.
Note that, for OSS, Mmin decreases towards its min-
imum value at z & 15. This is caused by the very
strong negative K-correction that affects first galaxies
at FIR/sub-mm wavelengths, as discussed in detail in
De Rossi & Bromm (2019) We also see that OSS would
reach the redshift horizon at z ≈ 7− 8 only in the case
of very high dust-to-metal ratios.
In the case of FIP (unlike the case of OSS), the char-
acteristic wavelength (≈ 250 µm) is below the peak of
dust emission of our high-z galaxies (≈ 500 µm, De
Rossi & Bromm 2017, 2019 ), so their detection is not
favoured by the strong negative K-correction that we
mentioned before. In addition, FIP will likely be af-
fected by confusion noise during deep exposures. If con-
fusion limits could be overcome (e.g. by applying multi-
wavelength analysis), we show below that its high sen-
sitivity would enable the detection of dust continuum
emission from typical first galaxies. For FIP, we adopt a
sensitivity of 0.15 µJy at 250 µm, corresponding to an
exposure of 106 s, and a FoV of 9′×13.5′ (Meixner et al.,
2019). As shown in Fig. 2, for a very low metallicity of
Zg = 5 × 10−4 Z, Mmin ranges between ∼ 1013 M
(z ≈ 20) and ∼ 1012 M (z ≈ 7), with the exact
value depending on the grain size distribution. In the
case of high dust-to-metal ratios (D/M = 0.4) or star
formation efficiencies (η = 0.1), Mmin ranges between
∼ 1011 M (z ≈ 20) and ∼ 109 M (z ≈ 7). Other pa-
rameter choices predict an intermediate behavior. With
respect to the redshift horizon, our reference model pre-
dicts N = 1 − 10 at z ≈ 7 and z ≈ 9, for the standard
and shock size distribution, respectively. In the case of
Zg = 5 × 10−4 Z, N(> 7) < 1; thus, a wider area of
the sky should be searched to increase the probability
of detecting low metallicity sources. For higher Zg and
D/M , the horizon moves towards higher redshifts. For
our extreme case of η ≈ 0.1 and a shock grain size distri-
bution, the horizon is reached at z = 12−14, with other
parameter values leading to intermediate behavior.
4. Conclusions
We explore the prospects of detecting the dust contin-
uum emission from first galaxy populations with the
next-generation Origins Space Telescope. We focus on
OSS and FIP (concept 2) instruments. We consider
deep-field exposures adopting similar integration times
(106 s) within each instrument field-of-view (FoV).
During deep-field exposures within a FoV, OSS may
be able to detect the dust continuum emission of mas-
sive sources with very high dust fractions (D/M & 0.4).
The more elusive fainter galaxies could be observed by
gravitational lensing effects. In the case of FIP, deep
FoV exposures could allow the detection of more typical
primeval galaxies with low metallicities (∼ 0.005 Z)
and dust-to-metal ratios (∼ 0.005). However, such ef-
forts would require the development of techniques that
help to overcome confusion noise and remove interlopers
at z < 7.
Taking into account the sensitivity of the OST red-
shift horizon to the assumed dust properties, measure-
ments of FIR/sub-mm source densities at z > 7 could
provide important clues to the nature and origin of the
first sources of primordial dust in the early Universe.
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